The liver is subject to a variety of extrinsic and intrinsic insults that manifest with both specific and nonspecific patterns of necrosis. In the autopsy setting, these patterns are often encountered as incidental findings or even causes of death. There are several etiologies of hepatic necrosis, including toxins, drug injuries, viral infections, ischemic injuries, and metabolic disease, all of which possess overlapping gross and histologic presentations. Nonetheless, patterned necrosis in the context of clinical and demographic history allows for the forensic pathologist to develop a differential diagnosis, which may then be pruned into a specific or likely cause. The aim of the following review is to elucidate these patterns in the context of the liver diseases from which they arise with the goal developing a differential diagnosis and ultimate determination of etiology. Acad Forensic Pathol. 2018 8(2): 256-295 
INTRODUCTION
The liver is subject to a variety of insults that induce acute and chronic changes. Acute hepatitis lasts less than six months but may progress to chronic hepatitis with repeated insults or unresolved injury. In its most severe form, hepatic injury evolves into acute liver failure (ALF) or acute-on-chronic liver failure (ACLF), two conditions with a high mortality rate secondary to a rapid decline in liver function. In all of these conditions, necrosis is a common feature, arising from multiple etiologies that manifest with both specific and nonspecific histologic patterns. The following review will discuss these etiologies and associated patterns in the context of the liver diseases from which they arise with the goal of aiding forensic pathologists in developing a differential diagnosis and identifying specific causes of hepatic necrosis encountered at autopsy.
DISCUSSION

Apoptosis and Necrosis
Apoptosis and necrosis are the two central modes of cell death in the liver. Apoptosis is a regulated process that may either be physiologic or pathologic. In the former, apoptosis culls aged cells, functions in embryologic development, and is vital to adulthood remodeling (e.g., follicular atresia following ovulation). Necrosis, on the other hand, is abrupt cell death that is almost always pathologic. In the liver, necrosis is often a response to extrinsic insults such as medication/ medication metabolites, toxins, infection, ischemia, and trauma. Though rare, intrinsic autoimmune injury is also a source of hepatic injury (1) .
Morphologically, apoptosis displays cellular condensation, nuclear condensation (pyknosis), nuclear fragmentation (karyorrhexis), and cytoplasmic blebbing. Eventually, chromatin and organelles are packaged into vesicles, forming so-called apoptotic, acidophil, or Councilman bodies (Image 1), that are easily phagocytosed by Kupffer cells with little to no inflammatory activation. By contrast, necrosis features cellular swelling with cytoplasmic blebs that lyse the cell, spilling intracellular contents into the surrounding environment, and ultimately eliciting an inflammatory response. This characteristic swelling and consequent karyolysis is referred to as oncotic necrosis (2) .
Livers with diffuse necrosis show characteristic gross pathologic findings. Early, the liver may be edematous with foci of necrosis presenting as pale, tan-yellow punctate lesions, while more extensive involvement leads to loss of the liver parenchyma with large patches of necrosis and wrinkling of the capsule (Images 2A and 2B) (3) .
Liver Anatomy
The degree and pattern of necrosis can be useful in determining the etiology and is often described in reference to the anatomy of the hepatic lobule and acinus. The hepatic acinus partitions liver lobules into zones according to their proximity to afferent arterioles. Zone 1 (perilobular) is most proximal to the hepatic arterioles, zone 2 is between the central vein and hepatic arterioles (midlobular), and zone 3 is adjacent to the central vein (centrilobular) (Image 3). Injury following these acinar patterns is referred to as zonal necrosis. Bridging necrosis describes cell death that links vasculature, whether the portal veins (portal-portal), the central veins (central-central), or portal and central veins (central-portal) (Image 4). When cell-death diffusely involves some hepatic lobules, it is referred to as submassive necrosis (Image 5), whereas diffuse involvement of all hepatic lobules is termed massive necrosis (Image 6) (3).
Acute and Chronic Hepatitis
Focal/multi-focal necrosis, sometimes called patchy necrosis, does not follow a zonal pattern, but rather involves random, individual clusters of hepatocytes (Image 7). This pattern is typical of acute hepatitis, falling under the umbrella of "lobular disarray," which also includes ballooning degeneration of hepatocytes, lobular and sinusoidal inflammation, Kupffer cell hyperplasia, increased apoptotic bodies, and cholestasis. If this process lasts longer than six months, it is deemed chronic, and often presents with progressive INVITED REVIEW fibrosis (3). In some processes, including chronic hepatitis, there is focal necrosis of hepatocytes at the limiting plate between the portal tract connective tissue and start of hepatic parenchyma with an associated lymphocytic infiltrate (Image 8). This process is commonly called piecemeal necrosis, though updates in terminology have renamed it interface hepatitis and troxis necrosis, the latter originating from the Greek term for "nibbling" (4).
Acute Liver Failure
Acute and chronic hepatitis may progress to ALF and ACLF. Acute liver failure is characterized by a dramatic decline in hepatic function in a patient without prior liver disease. Three categories of ALF are subdivided based on the time between onset of encephalopathy and first appearance of jaundice: hyperacute (0-1 week), acute (1-4 weeks), and subacute (4-12 weeks) (5). These subclassifications not only aid in prognosis (hyperacute presentations are favorable to acute and subacute presentations), but are also suggestive of etiology and histopathologic findings.
The incidence of ALF is rare, particularly in the developed world. In the United States, population based studies estimated 5.5 cases per million (6) . There are multiple potential etiologies, particularly those involving drug injury and infection, though in many cases the cause is unknown (7). Awareness and inter-
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ventions, including emergency liver transplant, have greatly improved overall survival to greater than 65% (8, 9) , though 45% of adults and 56% of children may recover without the need of liver transplantation (7).
Acute-On-Chronic Liver Failure
Acute liver failure is distinguished from ACLF by the presence of preexisting liver disease and usually involves an acute decompensation of cirrhosis that manifests clinically with acute encephalopathy, ascites, gastrointestinal hemorrhage, or bacterial peritonitis (10) . The mortality rate is high in ACLF and correlates with the number of extra-hepatic organ failures. In a large prospective study, the 28-day mortality increased from 32% in patients with two organ failures to 78.6% in patients with three organ failures or more. In this study, ACLF was most common in young patients with active alcoholism and frequently involved extra-hepatic kidney failure. In more than 40% of cases, a precipitating event that initiated acute decompensation was not identified. In those where a precipitating event was identified, infection was the most common source (11) . Other precipitants include acute alcoholic hepatitis after binge-drinking, drug injury, hepatic ischemia secondary to hypotension, and acute viral infection (12) .
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Hepatic Injury and Necrosis
Alcohol
Alcoholic liver disease exists on a spectrum from early steatosis to acute hepatitis, fibrosis, and cirrhosis. Steatosis generally begins in zone 3 and extends toward the portal triads in more severe cases. Lipid deposition begins with small droplets (microvesicular), but with time accumulates into larger droplets (macrovesicular) that distend the hepatocyte membrane and displace the nucleus (13) .
Chronic ethanolism induces the cytochrome P450 pathway, leading to an increase in reactive oxygen species that both signals lipid peroxidation and the formation of acetaldehyde protein adducts that directly damage mitochondria. Intrahepatic glutathione, which normally reduces these reactive oxygen species, is consequently depleted, predisposing hepatocytes to oxidative injury. Prolonged oxidative stress and adduct formation incite hepatocellular injury, with derangement of the microtubulin network and accumulation of eosinophilic, intracytoplasmic cytokeratins (Mallory bodies) (Image 9). As membrane stability declines, ballooning degeneration and Image 2B: Cross-section of a liver with massive hepatic necrosis associated with acute pancreatitis showing widespread necrosis in the left side of the liver.
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eventual oncotic necrosis occurs (Image 10). Mallory bodies themselves are immunogenic actors that signal downstream activation of tumor necrosis factor (TNF)-alpha, activating cell-death and neutrophil recruitment (14, 15) .
Chronic alcohol abuse not only produces cytotoxic reactive oxygen species and acetaldehyde adducts, but also leads to bacterial overgrowth in the gastrointestinal tract, increased gut permeability, and the transfer of bacteria to the liver (16, 17) . This combination activates innate immunity, particularly Kupffer cells, and promotes the inflammatory response that characterizes alcoholic hepatitis.
Acute hepatitis is a feared complication of alcoholic liver disease that occurs in 35% to 40% of patients (18) . The mortality rate is 6.8% (19) , but increases with age, female sex, and concomitant viral hepatitis C infection (20) (21, 22) . Grossly, alcoholic livers are enlarged and fatty secondary to steatosis (Image 11), but, with prolonged injury and fibrotic change, shrink and become multi-nodular (i.e., cirrhosis) (Image 12).
Hepatic necrosis and inflammation are potent activators of perisinusoidal stellate cells, which initiate fibrogenesis. Fibrosis begins in zone 3, webbing outward in a perisinusoidal pattern that produces the classic "chicken wire" appearance. In later stages, centrilobular fibrosis extends to the portal triads, creating central-portal and portal-portal fibrotic crosslinks. Regenerative parenchyma encircled by fibrous septae creates the micronodular appearance seen in cirrhotic livers (13) . Active alcoholism in a patient with otherwise compensated cirrhosis may superimpose an acute hepatitis, leading to rapid decline and ACLF (12) . In these cases, the degree of bridging necrosis, along with other histologic features such as apoptosis, Mallory bodies, and eosinophilic degeneration of hepatocytes, has been associated with poor prognosis (23) .
Drug Induced Liver Injury
There are two mechanisms of adverse drug reactions that broadly delineate histopathological findings: in-INVITED REVIEW trinsic and idiosyncratic. An intrinsic reaction results in predictable dose-dependent injury secondary to the drug itself or a byproduct of the drug. By contrast, idiosyncratic drug reactions are less predictable and likely driven by an immunogenic response to drug metabolites. The timeline between ingestion of a drug and an idiosyncratic reaction is likewise unpredictable, occurring anywhere between a couple of days and up to a year from first administration (24) .
Intrinsic Injury
Acetaminophen is the most common cause of both intrinsic hepatotoxicity and ALF in Europe and the United States (9, 25, 26) . Acetaminophen is sold as an over-the-counter analgesic or in combination with other drugs, such as anticholinergics and opioids. In a study using data collected from the ALF study group between 1998 and 2012, over half of acetaminophen-related ALF was due to acetaminophen-opioid mixtures. These patients were older (mean age 39 years), with increased comorbidities, and more likely to unintentionally overdose (27) . Other population studies have shown that unintentional acetaminophen is responsible for 25% of ALF in pediatric patients (6) .
Under recommended doses (3-4 g/day), acetaminophen is generally a safe and effective analgesic. The 
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majority of acetaminophen is conjugated with sulfate and glucuronide and safely excreted in the urine. The remainder is oxidized through the cytochrome P450 pathway, producing the reactive metabolite N-acetyl-p-benzoquinone imine (NAPQI) as a byproduct, which is detoxified by glutathione. Toxic concentrations of acetaminophen saturate sulfate and glucuronide conjugation and thereby shunt the reaction toward the cytochrome P450 pathway, producing excess NAPQI while at the same time depleting glutathione stores. NAPQI is then free to trigger widespread mitochondrial dysfunction and ultimately hepatic necrosis (28) .
Cytochrome P450 enzymes are located in centrilobular hepatocytes, which explains the characteristic pattern of zone 3 coagulative necrosis seen in acetaminophen toxicity (Images 13 and 14) . In contrast to alcoholic hepatitis, there is generally sparse inflammation, though an increase in Kupffer cells/macrophages may be identified secondary to damage-associated molecular patterns (DAMPs) released from necrotic hepatocytes (28, 29) . Other agents, such as halothane and carbon tetrachloride, also induce zone 3 necrosis with little inflammation (29) . 
Idiosyncratic Injury
Idiosyncratic hepatotoxicity accounts for up to 11% of ALF in adult patients (7) . There are a great variety of prescription and non-prescription agents responsible for idiosyncratic reactions. A US prospective study found that nearly half of the drugs implicated in liver injury were antimicrobials (e.g., sulfonamides, ketoconazole), followed by central nervous system agents (e.g., monoamine oxidase inhibitors, phenytoin, valproate). Herbal and dietary supplements accounted for 9% of reactions, most commonly linked to products promoting weight loss and muscle growth (30) . Idiosyncratic reactions follow a subacute clinical course and affect older populations, particularly those 60 years and older (7, 31) . Typically, the prognosis of idiosyncratic ALF without transplant is poor compared to intrinsic injury (9, 32) .
Just as there are a wide variety of agents responsible for idiosyncratic injury, there are a number of associated histologic patterns. None of these patterns are pathognomonic, and all may mimic other liver disease processes, which makes determining a specific etiology difficult. Often, microscopy illustrates the extent of injury rather than the precise etiology. Hepatocellular injury may begin as acute hepatitis with patchy necrosis or interface hepatitis and develop into liver Image 7: Patchy areas of necrosis and hemorrhage in an infant with disseminated herpes simplex virus type 1 (H&E, x40). (33) . In contrast to intrinsic injury, idiosyncratic reactions show marked portal inflammation. Lymphocytes are typically present; however, there may also be eosinophils and granulomas, which suggest a more favorable prognosis (33, 34) . Isoniazid, monoamine oxidase inhibitors, anti-convulsants, and antimicrobials typically follow this pattern. Amiodarone heptotoxicity mimics alcoholic hepatitis, presenting as a steatohepatitis with marked Mallory bodies and neutrophil satellitosis (29) .
Page 266
Injuries that follow a subacute clinical course may feature submassive necrosis, which includes segments of regenerative nodules scattered throughout zones of confluent necrosis (Image 16). Regenerative hyperplasia is caused by hepatic progenitor cell activation once 50% of hepatocytes have been lost (35) . These nodules may be confused with cirrhotic nodules and a Masson trichome stain may help distinguish the two -the dense type one collagen of cirrhotic nodules stains a bright blue whereas the early regenerative nodules stain a light, grey-blue due to the mixture of collagen and ground substance (28) . Other features associated with hepatic necrosis due to idiopathic drug reactions are hepatocyte rosette formation, lobular disarray, and hemorrhage, which represent severe parenchymal injury (33).
Image 8: Microscopic section showing a lymphocytic portal infiltrate extending into the surrounding parenchyma, also known as piecemeal necrosis, troxis necrosis, or interface hepatitis (H&E, x200). 
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Viral Infection
Hepatotrophic Viruses
Globally, hepatotrophic viral infections are the most common etiology of hepatitis and ALF, particularly infections involving hepatitis A, E, and B (25) . Hepatitis A (HAV) follows fecal-oral transmission, generally arising from contaminated food and water supplies. Improved sanitation and vaccination have dramatically decreased its incidence; however, outbreaks have occurred in low-endemic regions involving intravenous drug users and human immunodeficiency virus (HIV) positive men who have sex with men (36) . Globally, the World Health Organization has estimated 1.5 million cases of HAV infection occur each year.
Children under the age of six years generally remain asymptomatic while older children and adults have a 70% risk of developing acute liver dysfunction (37) . Although HAV is a common cause of acute hepatitis (38) , progression to ALF is rare, accounting for approximately 3-4% of cases in the United States between 1998 and 2007 (7, 9) . Similar to HAV, hepatitis E (HEV) infection occurs through fecal-oral transmission. In 2015, an estimated 44 000 deaths occurred due to HEV, accounting for 3.3% of viral hepatitis mortality (39) . In the United States, ALF due to HEV is negligible (7, 9) , though there are reports suggesting a small proportion of HEV hepatitis may be misdiagnosed as drug-induced liver injury (40) . Hepatitis E is a common cause of both 
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acute hepatitis and ACLF. Though ALF is a feared complication in pregnant women, there is a higher risk of infection in males (38) .
While HAV and HEV do not progress to chronic hepatitis, hepatitis B (HBV) produces both acute and chronic hepatic infection. In 2010, approximately 248 million individuals were chronically infected with HBV, mostly focused in sub-Saharan and Western Pacific regions (41) . In the United States, HBV infections have significantly decreased due to vaccination efforts beginning in the 1990s. Nonetheless, between 2011 and 2012 there were an estimated 847 000 individuals with chronic infection (particularly involving non-Hispanic Asians) and, in 2015, 21 900 cases of acute hepatitis (42, 43) . Hepatitis B is responsible for 7% of cases in the United States (7) and may cause ACLF due to either HBV reactivation or acute HBV hepatitis in a compensated, cirrhotic liver (12) . Coinfection with hepatitis D (HDV), an HBV dependent virus, may also potentiate acute hepatitis and possibly ALF or ACLF. Hepatitis C (HCV) is a common source of chronic hepatitis, leading to cirrhosis in 20% of cases (3) . Though an uncommon cause of ALF, decompensation secondary to an acute insult may result in ACLF; however, progression is less common than ACLF due to alcoholic cirrhosis (11).
Because HAV, HEV, and HBV share common histologic features, diagnosis often relies on serologic markers. Nonetheless, early viral hepatitis presents with lobular disarray and focal/multifocal necrosis Image 10: Marked ballooning degeneration of hepatocytes (H&E, x400). 
surrounded by a lymphocytic infiltrate (spotty necrosis). In many cases, necrosis does not become diffuse and the parenchymal architecture is not altered. However, in ALF, focal necrosis evolves into submassive and massive necrosis (28) . In some studies, HEV is shown to generate more severe confluent necrosis with neutrophil infiltration in the sinusoids (44) . Portal inflammation may be more prominent in HAV, with a lymphocytic infiltrate spilling beyond the portal connective tissue and into the hepatic parenchyma. Hepatitis B infected hepatocytes expressing surface antigen contain nuclear, ground-glass inclusions surImage 11: Gross photograph of an enlarged, fatty liver in an individual with alcoholic hepatitis. 
rounded by a halo (Image 17). Acute HCV infection shows mild portal and lobular inflammation with a lymphocytic infiltrate and negligible interface hepatitis. The degree of ballooning degeneration is also less compared to the other hepatotrophic viruses (45) .
Non-Hepatotrophic Viruses
Though rare, non-hepatotrophic viruses such as herpes virus (HSV), adenovirus, Epstein-Barr virus (EBV), and cytomegalovirus (CMV) generate hepatitis and even ALF, predominantly in newborns, pregnant women, and the immunosuppressed.
In a study examining non-acetaminophen-related pediatric ALF, 25.2% of children 0-6 months of age tested positive for HSV with a mortality rate of 60% within the first 21 days of the study period (46) . Herpes simplex virus hepatitis often does not present with classic mucocutaneous lesions, so antemortem suspicion for disseminated infection may be low. As a result, diagnosis is made at autopsy in more than half of cases. Immunosuppression, whether from recent transplantation or coinfection with HIV, and pregnancy in the third trimester are significant risk factors for disseminated herpes; however, up to 24% of affected patients may be immunocompetent (47) . Epstein-Barr 
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virus, CMV, and adenovirus affect similar patient populations, though to a lesser degree than HSV (38, 46, 48) .
Grossly, non-hepatotrophic hepatitis shows punctate discoloration that correlates histologically with circumscribed areas of patchy necrosis and associated nuclear fragments ("dirty necrosis"). Necrosis may diffusely involve the hepatic parenchyma, particularly in neonates (Image 18). In HSV, the nuclei of infected hepatocytes are enlarged and distorted by eosinophilic, ground-glass nuclear inclusions (Cowdry body inclusions). Cowdry A bodies represent early infection and present with small, central nuclear inclusions separated from the nuclear membrane by a halo (Image 19). Cowdry B inclusions are larger inclusions that eccentrically push nuclear material to the border of the nuclear membrane and are associated with late stage infection (28, 45) . Cytomegaolovirus and adenovirus also express cytopathic effect, but their inclusions are often more basophilic and surrounded by a halo ("owl's eye" inclusions). In addition, basophilic granules are found in the cytoplasm of CMV infected hepatocytes, sometimes surrounded by neutrophilic microabcesses. In adenovirus, inclusions are more often located in hepatocytes peripheral to the areas of necrosis (Image 20) (45, 49) . Compared to the other viruses, EBV shows less necrosis and more lymphocytic inflammation that fills the sinusoids and portal tracts (50) . As shown, when non-hepatotrophic viral infection is 
Autoimmune
Autoimmune hepatitis (AIH) is a chronic liver disease of unknown etiology. Classically, AIH affects young white females who present with vague symptoms of endocrine dysfunction, hepatitis, elevated IgG, and auto-antibodies (51); however, there has been recent expansion of this phenotype to include both genders, all ages, and multiple ethnic groups (52) . Autoimmune hepatitis is most common in northern Europe, accounting for an annual incidence of 1.9 per 100 000 (3), and rare in the United States (53) . A combination of genetic predisposition and environmental insult likely triggers AIH. In one study, nearly 10% of AIH were induced by drugs. Within this cohort, nitrofurantoin, commonly used to treat urinary tract infections, and minocycline, commonly used to treat acne, were responsible for over 90% of cases (54) .
Autoimmune hepatitis may be asymptomatic or range in presentation from acute hepatitis to ALF and ACLF. Acute and fulminant AIH occurs in 25% to 75% (52) and 5% (7) (55, 56) . In these instances, acute exacerbation, whether from a de novo flair of autoimmune injury or superimposed viral infection, may lead to ACLF.
As a chronic hepatitis, AIH presents with interface necrosis (84 to 98% of cases) and varying degrees of background fibrosis. The associated inflammatory infiltrate typically consists of plasma cells, but may also contain lymphocytes and histiocytes (57) . Lymphocytes entrapped in the cytoplasm of hepatocytes (emperipolesis) are found in up to 78% of cases (Image 22) (58) . Emperipolesis is associated with more severe necroinflammatory disease and may serve a role in the pathogenesis of AIH through the initial induction of hepatocyte apoptosis (59) . The hepatic lobules may also be affected by a mononuclear infiltrate with associated lobular disarray. Hepatocyte rosetting, in which regenerative hepatocytes are arranged in a circular formation with a central lumen, is a common feature of AIH. Lobular necrosis ranges in severity, from focal necrosis up to bridging necrosis in 40% of cases (58) . Confluent necrosis carries a 1.9-fold risk of progression to cirrhosis (55) . Centrilobular necroinflammation has been described in acute and fulminant cases of AIH, making it difficult to distinguish from drug-induced injury and acute viral hepatitis. While not pathognomonic, the combined features of lobular necroinflammation involving zone 3 with a plasmacytic infiltrate, emperipolesis, and hepatocyte rosetting supports the diagnosis of AIH (60) .
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Ischemia
Because circulatory failure is common prior to death, hepatic necrosis associated with cardiac shock is a typical finding at autopsy. Low cardiac output results in increased central venous pressure that back flows into the hepatic vein. Clinically, right-sided heart failure, including causes such as left-sided heart failure, pulmonary hypertension, constrictive pericarditis, and tricuspid regurgitation, leads to passive hepatic congestion, perisinusoidal edema, and ischemic necrosis of hepatocytes (61) . Though rare, Budd-Chiari Image 16: Gross photograph of a liver with acute liver failure with regenerative nodules due to isoniazid. 
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syndrome, in which the hepatic vein becomes thrombosed, produces the same effect (62) . Gross findings classically include hepatomegaly with purple discoloration secondary to congestion (Image 23). The cut surface shows a classic nutmeg appearance due to alternating necrosis and hemorrhage. Histologically, there is prominent central vein congestion, sinusoidal edema, and zone 3 necrosis (Image 24). In severe cases, necrosis is diffuse with a central-central bridging pattern. Long standing heart failure may result in fibrotic changes within the central vein wall with fibrosis webbing throughout the sinusoids in a pattern similar to alcoholic liver disease (63) .
Major hepatic trauma is commonly encountered in the autopsy setting and may present with hepatic necrosis, presumably secondary to ischemia (Image 25). Angioembolization is an initial approach to achieving hemostasis in high-grade liver injuries, though there are many associated complications, including abscess formation, bile leak, and major hepatic necrosis. In a retrospective study of 538 patients with hepatic trauma receiving angioembolization, up 42% of complications were due to major hepatic necrosis, most commonly occurring in patients with penetrating injury. Additionally, gel-foam embolization of either the proper hepatic artery or multiple sites was more 
likely to potentiate necrosis secondary to diffuse hepatic ischemia (64) .
Metabolic
Nonalcoholic fatty liver disease (NAFLD) is a common etiology of chronic liver disease that may rarely be a cause of hepatic necrosis and ALF. It is defined by steatosis without alcohol abuse, adverse drug reaction, or viral infection (65) . Globally, NAFLD affects 6.3% to 33% (median 20%) of individuals (66) . Obesity and type two diabetes mellitus are recognized risk factors. In the United States, Hispanic Americans are at increased risk, followed by Caucasians and African Americans (67) . Histologically, steatohepatitis is identical to alcoholic hepatitis, making clinical history paramount.
Image 18A: In situ gross photograph of neonate who died from unsuspected disseminated herpes infection. Note the pale speckling of the parenchyma. 
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Wilson disease is an autosomal recessive disorder resulting in impaired copper excretion that accumulates in tissues and organs, particularly the liver. Copper promotes the generation of free radicals that induces a steatohepatitis similar to NAFLD (68) . In up to 2% of cases, Wilson disease may progress to ALF (7) . In suspected cases, special stains, including rhodanine and orcein, may highlight copper deposits in hepatocytes (68) .
Other metabolic causes of hepatic injury include hemochromatosis and galactosemias, which are prominently seen in pediatric populations (7, 48) .
Artifact
One finding encountered frequently by the forensic pathologist that may mimic massive hepatic necrosis is autolysis. Both processes may lead to large areas of non-viable hepatocytes that at first glance may be difficult to distinguish. However, autolysis tends to cause a complete "white out" of the hepatic parenchyma with loss of architecture, dropout of the nuclei, and absence of other pathologic features (Image 26). This is in contrast to actual necrosis in which the cells tend to be better preserved and sections may show additional pathologic features (Image 27). Autolysis should be suspected in cases with widespread microscopic changes in the liver, and likely other organs, without a history compelling for liver failure, in individuals with extended postmortem intervals or obesity, and deaths occurring in warm environments or with inadequate refrigeration after death.
CONCLUSION
Due to the number of potential causes, hepatic necrosis is frequently encountered at autopsy and may Image 18B: Cross-section gross photograph of neonate who died from unsuspected disseminated herpes infection. Note the pale speckling of the parenchyma. 
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present with diverse gross and histologic features in individuals of varying demographics. While many of the diseases presented have "classical" pathologic findings, in practice there is significant overlap of gross and microscopic features, making it a challenge to identify a precise etiology. Table 1 provides a summary of some of the more common causes of hepatic necrosis. Ultimately, placing gross and histologic features in the context of clinical and social history is required to develop an appropriate differential diagnosis and cause of death. 
